Abstract: One in four adults reports a clinically significant fear of dental injections, leading many to avoid dental care. While systematic desensiti-
Introduction
One in four adults reports a clinically significant fear of dental injections, and one in 20 reports avoiding dental treatment because of a fear of dental injections (Milgrom et al., 1997) . Individuals with dental injection fear report greater pain during injections compared with non-fearful individuals (van Wijk and Hoogstraten, 2009) . Therefore, fear of dental injections is a significant barrier to dental care for a sizable proportion of the population.
Craske (1999) describes applying systematic desensitization in the treatment of injection phobia. Individuals learn and use coping strategies when presented with "a graduated hierarchy of situations involving…injection(s)", such as "fingerprick blood tests…vaccinations or blood donations…and multiple dental appointments" (p. 253). Individuals fearful of dental injections and completing a systematic desensitization protocol show an increased likelihood of receiving a dental injection (Agdal et al., 2010) , with as many as 89% receiving dental injections a year after treatment (Vika et al., 2009) . A key component of systematic desensitization is exposure to the feared object or situation in a gradual manner, so as not to overwhelm the individual with too much anxiety to continue (Beck and Emery, 1985; p. 265) . As early as the 1970s, clinical researchers began experimenting with automated exposure protocols, reducing the need for face-to-face therapeutic interventions with a trained therapist (e.g., Lang et al., 1970) .
Computer Assisted Relaxation Learning (CARL) is a self-paced, computerized program based on systematic desensitization aimed at reducing fear of dental injections, and has been described in detail elsewhere (Coldwell et al., 1998 (Coldwell et al., , 2007 . Through brief (2-to 4-minute) video segments, CARL introduces cognitive and physical coping strategies, then an exposure hierarchy wherein a model is shown successfully managing anxiety while presented with increasingly invasive aspects of a dental injection (Coldwell et al., 1998) . CARL has been received positively by fearful dental patients (Boyle et al., 2010) .
This was a multicenter, blockrandomized, dentist-blind, parallel-group study conducted in 8 sites in the United States. Prior work has shown that CARL effectively reduced dental injection fear after program completion and at 1-year follow up (Coldwell et al., 2007) , but CARL has not been previously compared with usual care. This trial tested the efficacy of CARL compared with an informational pamphlet for reducing dental injection fear. Individuals fearful of dental injections were expected to show greater reductions in dental injection fear and greater acceptance of an optional dental injection when randomized to CARL than to a pamphlet control.
Materials & Methods

Participants and Recruitment
Individuals reporting fear and avoidance of dental injections were recruited through newspaper advertisements in the communities of 8 participating dental practices from February 2008 through June 2010. The University of Washington Institutional Review Board reviewed and approved the study protocol. Appendix A includes additional information about participants and their recruitment.
Measures Modified Interval Scale of Anxiety Response
The Modified Interval Scale of Anxiety Response (Modified ISAR; Heaton et al., 2007a ) is a modification of Corah and colleagues' (1986) Interval Scale of Anxiety Response (ISAR). This single-item, 100-mm vertical labeled magnitude scale assesses respondents' state anxiety from "calm, relaxed" to "absolutely terrified".
Modified Dental Anxiety Scale
The Modified Dental Anxiety Scale (MDAS; Humphris et al., 1995 ) is a 5-item scale assessing anticipatory dental anxiety, fear of dental cleanings, drilling, and injections. Respondents are asked to rate their anxiety across scenarios on a 5-point Likert scale ranging from "not at all anxious" to "extremely anxious", and possible scores range from 5 to 25, with greater scores indicating higher levels of dental anxiety. The MDAS has been shown to have high internal consistency, good test-retest reliability, and discriminant validity and concurrent validity in samples of individuals with various levels of dental anxiety (Newton and Edwards, 2005; Humphris et al., 2009 ).
Dental Fear Survey
The Dental Fear Survey (DFS; Kleinknecht et al., 1973 ) is a 20-item measure used to identify emotional and physiological reactions associated with several aspects of dentistry, as well as avoidance of dental care due to anxiety. Possible scores range from 20 to 100, with greater scores indicating higher levels of dental anxiety. The DFS has been shown to have good internal consistency, test-retest reliability, and validity (Newton and Buck, 2000) , and correlates highly with dental providers' ratings of patients' anxiety during dental treatment (p < .05; Heaton et al., 2007b) .
Needle Survey
The Needle Survey (NS; Milgrom et al., 1997) has 18 items for the specific assessment of fear of dental injections. Possible scores range from 18 to 90, with greater scores indicating higher levels of dental-injection-related anxiety. The NS has good internal consistency (alpha = 0.90; Milgrom et al., 1997) and distinguishes well between dentally fearful and non-fearful individuals (t = 7.5, p < .001; Milgrom et al., 1997) .
Appendix C includes additional information about the measures used.
Procedure Screening and Randomization
Upon arriving at the assigned dental office, participants received study information from a member of the dental practice staff trained in administration of the study. Once providing informed consent, participants completed the MDAS, DFS, and NS on a study computer in a separate, quiet area set apart in each office. Appendix B contains additional information regarding the screening procedures.
Participants were randomized separately within each dental practice. The computer for each practice contained a unique look-up table containing subject ID numbers for 32 participants, blocked into four groups of eight individuals, with four 'CARL condition' and four control participants in each block. Participants were given a $10 gift card to a large grocery store chain for completing the initial screening session.
CARL Intervention
When participants randomized to the CARL condition returned to the dental office, the dental staff member assigned to the study re-entered each participant's unique study code number into the computer and initiated the program. Participants sat in the same area where they completed the screening and viewed screens and an introductory video explaining what to expect from the program and how to navigate through the program, including how to view scenes again as needed. The CARL program has been described in detail elsewhere (Coldwell et al., 1998) , and Appendix C includes additional details about CARL procedures.
Pamphlet Control Condition
Participants in the pamphlet condition returned to the dental office and were given a tri-fold pamphlet containing information about patient comfort, topical and local anesthetic, and postoperative pain management. The pamphlet was based on information from a major dental Web site company and was meant to reflect what dentists typically tell patients about dental injections. Participants sat in the same area where they completed the screening and were given time to review the pamphlet in detail and the opportunity to ask a dental staff member questions about dental injections.
Upon completion of either protocol, participants again completed the computerized MDAS, DFS, and NS, were given a second $10 gift card and were offered the opportunity to receive an optional dental injection, described below.
Optional Injection
Participants were offered the opportunity to return to the dental office on another day to receive an actual dental injection, without receiving an incentive or dental treatment. Dentists were blind to participants' condition assignment when completing the injection, and participants were told that they could stop the procedure at any time by raising their left hands. Details about the injection procedure are included in Appendix D.
Analysis Plan
Based on prior work with the CARL program (Coldwell et al., 2007 (Coldwell et al., , 2011 , it was estimated that a sample size of 96 (48 per group) would allow for the detection of an 11-mm difference between groups in self-reported fear reduction on the primary outcome measure (Modified ISAR) with 80% power. Analyses included descriptive analyses, independentsample t tests, and chi-square analyses; significance levels were set at 0.05 for all analyses. Regression analyses also compared post-intervention scores on the secondary outcome measures adjusted for gender, age, race, education, baseline fear scores, and dental office. Additional details are included in Appendix F.
Results
Eighty-four individuals (65.5% female) were screened and randomized at one of eight participating dental offices. Two of the 257 individuals screened by telephone (0.7%) were recruited from participating dental practices, while the remaining individuals were recruited through newspaper and online advertising. See Fig. 1 for the CONSORT flow diagram of enrollment, allocation, follow-up, and analysis.
In total, 68 participants completed the study (34 CARL, 34 pamphlet). Sixteen individuals (19%) failed to complete their assigned condition. The Table shows baseline characteristics of the participants who did and did not complete their assigned condition. Individuals who withdrew from the study were, for the most part, similar in terms of demographics and baseline fear scores to those who completed the study; however, those who withdrew had slightly higher DFS scores on average.
For participants whose complete (pre-and post-intervention) data are available (n = 68), the CARL and pamphlet groups had similar distributions of demographics and baseline fear scores (Table) . Participants spent an average of 1.4 sessions (s.d. = 0.56, range = 1-3) with CARL; all control participants spent one session reviewing the pamphlet. There were no significant differences in pre-or post-intervention scores for participants who completed the CARL intervention in private vs. in universitybased dental practices (Coldwell et al., 2011) . Fig. 2 shows pre-and post-intervention MDAS scores for both conditions. Mean fear scores were reduced in both conditions post-intervention, but the magnitude of the decrease was substantially greater in the CARL condition. Differences in mean post-intervention MDAS scores between CARL and control conditions were highly statistically significant (12.5 vs. 18.5, effect size 1.42, p < .001). Regression analysis gave an adjusted mean difference between groups of 5.5 (95% confidence interval 3.6, 7.4; p < .001). Similar results were found for DFS and NS scores. For DFS, mean postintervention scores were 54.5 and 71.1 in CARL and control conditions, respectively (effect size 0.97, p < .001), and the regression-adjusted difference was 14.3 (95% confidence interval 8.5, 20.1; p < .001). For NS, mean post-intervention scores were 37.7 vs. 46.9 (effect size 0.63, p < .001) and the regressionadjusted difference was 11.7 (95% confidence interval 5.7, 17.7; p < .001). Additional results on the amount of time spent by participants are included in Appendix G.
Twice as many CARL participants returned for an optional injection compared with the control group. Twelve of 34 (35.3%) CARL participants received injections, while six of 34 (17.6%) pamphlet participants received injections. Because of the small overall proportion of participants receiving injections, this test had low power and did not reach statistical significance (c 2 = 2.7, p = .10). There was also no difference in Modified ISAR scores between groups for the 18 completing the injection (42.3 vs. 37.0, t = 0.36, p = .66) .
Discussion
This study of the CARL program represents the first randomized control trial of a computerized treatment for dental injection fear. Participants completing the CARL program showed significantly greater fear reduction across the selfreported outcome measures compared with participants reviewing an informational pamphlet about dental injections. CARL, therefore, was successful for reducing dental fear in study participants. Nevertheless, few individuals returned for an optional dental injection. The low number of individuals choosing to return for an optional dental injection meant that there was low power to assess the primary outcome of self-reported anxiety during injection. More individuals in the CARL condition than in the pamphlet condition completed the injection (12 vs. 6), indicating that the program may have had an influence on willingness to complete an injection; however, there was insufficient power to assess this.
Computer-based cognitive-behavioral treatments have become more accepted as part of the arsenal of therapeutic options. For example, the FearFighter TM Panic and Phobia Treatment modality (FearFighter.com) is an online program endorsed by the National Institute of Clinical Excellence (NICE) in the United Kingdom as clinically effective. The use of computer-based therapy reduces the reliance on in-person clinician time. In many countries, demand for trained clinicians exceeds the supply, and computerbased therapy has the promise to allow "therapists to help many more patients than before and to focus on issues which a computer cannot handle" (Marks et al., 2007; p. 9) .
Participant recruitment was difficult. Only 57% of those referred to a dental office appeared for a screening. It was impossible to contact individuals who did not appear to determine their reasons for not following through with the referral. It is likely, however, that the fear leading them to the study also caused them to avoid the screening. Similarly, individuals randomized at the screening who did not complete the study had higher baseline fear scores than participants completing the study. Kaakko and colleagues (2001) reported on difficulties recruiting fearful individuals into dental fear studies. Individuals completing the study in both conditions had average MDAS scores of over 19 (Table) , which has been used in prior studies as a cut-off indicating high dental anxiety (Humphris and King, 2011) . These high dental fear scores indicate that participants were, in fact, highly dentally fearful at baseline, regardless of whether they did or did not complete the study.
Only 26% of participants completing the study returned for the optional dental injection. In a study such as this, a significant outcome of interest is whether participants seek dental treatment at different rates after working with either the CARL program or reviewing the pamphlet. A prior study of CARL (Coldwell et al., 2007) showed that 69% of individuals who completed the CARL program had successfully sought dental treatment within the one-year follow-up period, suggesting that CARL has the potential to reduce avoidance of dental care due to fear. Future CARL clinical trials should include a follow-up assessment of dentaltreatment-seeking behaviors. Additional comments about the participants' willingness to participate in the study are included in Appendix H.
In conclusion, CARL, a computerized therapeutic protocol, was successful in reducing self-reported dental fear related to dental injections compared with an informational standard of care. Since CARL does not require involvement by trained therapists or special training for dentists, it may increase access to this therapeutic approach to a wider proportion of the population, improving access to dental care and better oral health overall. Humphris et al., 1995) , Dental Fear Survey (DFS; Kleinknecht et al., 1973) , and Needle Survey (NS; Milgrom et al., 1997) scores by condition. T-bars represent standard error of the mean.
